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(57) A space modulation device (10) displays an 
image for right eye and an image for left eye. An 
observer image display device (12) displays an 
image of a half surface of an observer's face 
obtained by an imaging device (14) and a 
negative-positive reversed image of the image 
of the half surface of the face. A lens (11) allows 
the image for right eye, or the image for left eye, 
to be observed to the right eye, or the left eye, of 
the observer using the image of the half surface, 
or the negative-positive reversed image thereof, 
as an illumination for the spatial modulation 
device (10) from the back thereof. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a display system 
for displaying an image, and more particularly to a 
display system for displaying a stereoscopic image s 
for industrial, medical, or domestic use. 

In a conventional stereoscopic display system, 
an observer wears glasses for separating right and 
left images from each other whereby right and left 
eyes of the observer can selectively see right and left 10 
target images, respectively, which are displayed on 
an image screen in a time-division fashion. In another 
conventional technique, a lenticular plate is attached 
to an image screen so that the lenticular plate can 
separate right and left images from each other and is 
thus right and left eyes of the observer can selectively 
see right and left target images, respectively. 

Fig. 1 illustrates an example of the configuration 
of the above-described conventional stereoscopic- 
image display system, which includes glasses 60 ca- 20 
pable of separating right and left images from each 
other, liquid crystal shutters 61a and 61 b, a synchron- 
ous circuit 62, and color CRT 63 serving as an image 
display device. 

The above first example of a stereoscopic-image 25 
display system having such a configuration operates 
as follows. The color CRT 63 displays stereoscopic 
images wherein images for right and left eyes are dis- 
played alternately in a time-division fashion. Under 
the control of the synchronous circuit 62, the liquid 30 
crystal shutter 61a of the glasses 60 is opened and 
thus becomes transparent only when stereoscopic 
images for the right eye are displayed, and the liquid 
crystal shutter 61b is opened and becomes transpar- 
ent only when stereoscopic images for the left eye are 35 
displayed. As a result, an observer wearing the glass- 
es 60 can observe stereoscopic images for the right 
eye with his or her right eye, and stereoscopic images 
for the left eye with the left eye. In this way, stereo- 
scopic vision is provided. 40 

Fig. 2 illustrates the configuration of the second 
example of a conventional stereoscopic- image dis- 
play system, which includes a lenticular plate 71 hav- 
ing a large number of stripe-shaped cylindrical lenses 
and a color CRT 72 serving as an image display de- 45 
vice. 

This second example of stereoscopic- image dis- 
play system having such a configuration operates as 
follows. The color CRT 72 displays simultaneously 
both stereoscopic images for right and left eyes such 50 
that images for right and left eyes are displayed alter- 
nately on each half-width stripe of the lenticular plate 
71. The right eye of an observer sees only the ster- 
eoscopic images for the right eye displayed on the 
above-described slit-shaped zones through corre- 55 
sponding cylindrical lenses of the lenticular plate 71, 
and the left eye sees only the stereoscopic images for 
the left eye displayed on the slit-shaped zones, 



whereby stereoscopic vision is obtained. 

In the first example of the conventional stereo- 
scopic-image display system, however, an observer 
has to wear troublesome and uncomfortable glasses 
which separately provide stereoscopic images to right 
and left eyes of the observer. Another problem in ob- 
serving stereoscopic images using this technique is 
flicker due to the switching between the stereoscopic 
images for right and left eyes. 

In the second example of the conventional ster- 
eoscopic-image display system, since a stereoscopic 
image is observed via stripe-shaped lenses, stereo- 
scopic vision can be obtained only when an observer 
is in a limited narrow area. If the observer moves, 
degradation occurs in the image. Besides, only a few 
observers at various positions can observe an image 
at the same time. Furthermore, image processing is 
required to provide a stripe-shaped image, which 
needs an expensive apparatus. 

In medical applications, when an endoscopic op- 
eration is done, an operator observes a plane image 
of the inside of a patient's abdominal cavity displayed 
on a monitor via an endoscope. However, the moni- 
tored image of the inside of the abdominal cavity has 
no characteristic features because the entire abdom- 
inal cavity has a single color, and thus it is difficult to 
give perspective vision. This causes a long operation 
^ime, and gives heavy loads to both operator and pa- 
tient. On the other hand, when a conventional stereo- 
scopic-image display system of the above-described 
first or second type is used in the operation, there are 
serious problems in practical use such as uncomfort- 
able glasses for separating right and left images, 
flicker of an image, and limitation in movement of an 
observer. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
image display apparatus which can overcome the 
aforementioned problems of the prior art. 

Another object of the present invention is to pro- 
vide an image display apparatus which does not re- 
quire eyeglasses having a dividing function and which 
enables many observers to observe an image with 
their right eyes and an image different from that im- 
age with their left eyes at the same time regardless 
of the observer's position. 

To achieve the above-described objects, the 
present invention provides an image display appara- 
tus for allowing an observer to observe an image with 
his or her right eye and an image different from that 
image with his or her left eye, which comprises: 

a spatial modulation device having light trans- 
mission characteristics; 

an imaging device for obtaining an image of a 
surface of the observer; 

a display device for displaying the image of the 
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observer obtained by the imaging device to illuminate 
the spatial modulation device from behind; and 

an optical device for giving directivity to a light 
from the display device. 

The display device displays the image of the sur- s 
face of the observer obtained by the imaging device 
and an image obtained by negative- positive reversing 
the image of the surface as figures for illuminating the 
spatial modulation device. 

The image of the surface of the observer, dis- 10 
played by the display device, acts as a back light 
source for one of the observer's eyes, and the nega- 
tive-positive reversed image serves as a back light 
source for the other eye. 

In a preferred form of the present invention, the 15 
display device is placed outside of a focal length of 
the optical device. 

In another-preferred form of the present inven- 
tion, the optical device is placed between the spatial 
modulation device and the display device. 20 

In another preferred form of the present inven- 
tion, the spatial modulation device comprises a liquid 
crystal display device. 

In another preferred form of the present inven- 
tion, the spatial modulation device comprises a light 25 
transparent type film. 

In another preferred form of the present inven- 
tion, the optical device comprises a convex lens, a 
Fresnel lens or a concave mirror. 

In another preferred form of the present inven- 30 
tion, the imaging device images either a left half sur- 
face of a face of the observer or a right half surface 
thereof. 

In another preferred form of the present inven- 
tion, the image display apparatus further comprises 35 
an illumination for illuminating a surface of a right or 
left side of a physical body of the observer. 

In another preferred form of the present inven- 
tion, the image display apparatus further comprises 
a device for obtaining the negative-positive reversed 40 
image by complementing the direct image of the 
physical surface of the observer obtained by the im- 
aging device; and a control device for displaying the 
direct image and the negative-positive reversed im- 
age on the display device on a time-division basis. 45 
The time-division display of the direct image and the 
negative-positive reversed image enables the size of 
the system to be reduced. 

In another preferred form of the present inven- 
tion, the illumination radiates infrared radiation, and so 
the imaging device can perform selective imaging on 
infrared wavelengths of the illumination. 

In another preferred form of the present inven- 
tion, the imaging device has a wavelength filter capa- 
ble of selectively transmitting the infrared wave- 55 
lengths. 

Still another object of the present invention is to 
provide an image display apparatus which offers a 



screen having no flicker. 

To achieve that object, the present invention pro- 
vides an image display apparatus for allowing an ob- 
server to observe an image with his or her right eye 
and an image different from the image with his or her 
left eye, which comprises: 

a pair of spatial modulation devices having 
light transmission characteristics; 

an imaging device for obtaining an image of a 
surface of the observer; 

a pair of display devices for displaying the im- 
age of the observer obtained by the imaging device 
to illuminate the pair of spatial modulation devices 
from behind, respectively; 

a synthesizing device for synthesizing images 
present on the pair of spatial modulation devices as 
a single image; and 

a pair of optical devices for giving directivity to 
back lights of the pair of display devices so that the 
display devices can serve as back light illuminations 
of the spatial modulation devices for the right and left 
eyes, respectively. 

The pair of display devices display the image of 
the surface of the observer obtained by the imaging . 
device and an image obtained by negative-positive 
reversing the image of the surface as figures for illu- 
minating the spatial modulation devices. 

In this way, time-division control is not neces- 
sary, and flicker is eliminated. 

Other features and advantages of the present in- 
vention will be apparent from the following descrip- 
tion taken in conjunction with the accompanying 
drawings, in which like reference characters desig- 
nate the same or similar parts throughout the figures 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together 
with the description, serve to explain the principles of 
the invention. 

Fig. 1 illustrates an example of a conventional 
stereoscopic image display apparatus; 
Fig. 2 illustrates another example of conventional 
stereoscopic image display apparatus; 
Fig. 3 illustrates a first embodiment of a stereo- 
scopic image display apparatus according to the 
present invention; 

Fig. 4 illustrates the principle of producing back 
light images employed in a plurality of embodi- 
ments of the present invention; 
Fig. 5 is a cross-sectional view of a camera em- 
ployed in the plurality of embodiments of the 
present invention as an imaging device; 
Fig. 6 illustrates a process of producing a back 
light image; 
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Fig. 7 illustrates a further process of producing a 
back light image; 

Fig. 8 illustrates a process of producing a back 
light image for right eye; 

Fig. 9A illustrates a process of producing a back 
light image from the image in Fig. 8, for left eye; 
Fig. 9B illustrates a reason why the image for left 
eye is inverted; 

Fig. 10 illustrates how the back light image illu- 
minates the right eye, in the time-division control 
of the display apparatus according to the first em- 
bodiment; 

Fig. 11 illustrates how the back light image illu- 
minates the left eye, in the time-division control 
of the display apparatus according to the first em- 
bodiment; 

Fig. 12 illustrates a second embodiment of the 
stereoscopic image display apparatus according 
to the present invention; and 
Fig. 13 illustrates an application of the stereo- 
scopic image display apparatus according to a 
third embodiment 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

Embodiments of a display apparatus for display- 
ing a stereoscopic image according to the present in- 
vention will now be described with reference to the ac- 
companying drawings. 

< First Embodiment > 

Fig. 3 shows a structure of a stereoscopic image 
display apparatus according to the first embodiment 
of the present invention. 

Referring to Fig. 3, reference numeral 1 0 denotes 
a light transmission type liquid crystal display func- 
tioning as a spatial modulation device. Reference nu- 
meral 11 denotes a Fresnel lens which is an optical 
device located on a rear side of the spatial modulation 
device and having a focal length of 150 mm. Refer- 
ence numeral 1 2 denotes a black and white CRT func- 
tioning as an observer image display device having a 
light radiation function. The black and white CRT is lo- 
cated on a side of the lens 11 which is opposite to that 
on which the spatial modulation device 1 0 is disposed 
at a position separated from the lens 11 by 160 mm. 
The focal length of the lens 11 is shorter than 160 mm. 
Reference numeral 13 denotes an LED light serving 
as an illumination device of a wavelength of about 850 
nm. Reference numeral 14 denotes a black and white 
CCD camera functioning as an imaging device. Ref- 
erence numeral 15 denotes an image processor for 
generating a negative- positive reversed image of the 
image obtained by the black and white CCD camera 
14 and for alternately displaying the image obtained 
by the camera and the negative-positive reversed im- 



age thereof on the black and white CRT on a time- 
division basis. Reference numerals 16 and 17 respec- 
tively denote observers who observe a stereoscopic 
image. Since the camera 14 photographs faces of the 
5 observers 16 and 17, the image processed by the im- 
age processor 15 is the image of the observers' fa- 
ces. 

Fig. 4 illustrates how the observers are illuminat- 
ed by the LED 13 from the right side thereof. In Fig. 

10 4, reference numerals 20R and 21 R respectively de- 
note areas of the observers 16 and 17 which are illu- 
minated by the LED 13. The CCD camera 14 is locat- 
ed such that it can photograph the faces of the thus- 
illuminated observers. 

15 Fig. 5 is a cross-sectional view of the black and 
white CCD camera 14. Reference numeral 30 de- 
notes an imaging lens. Reference numeral 31 de- 
notes an interference filter serving as a wavelength 
filter. Reference numeral 32 denotes an imaging de- 

20 vice having a CCD chip. Reference numeral 33 de- 
notes a driving circuit for the imaging device. Refer- 
ence numeral 34 denotes an object (which is obser- 
vers faces in the example shown in Fig. 4). 

The operation of the thus-arranged stereoscopic 

25 image display apparatus will now be described with 
reference to Figs. 3 through 5. 

The observers 16 and 17 observe a stereoscopic 
image in the manner described below: An objective 
image for right eye and an objective image for left eye 

30 are generated and sent to the image processor 1 5 by 
a stereoscopic image output device 18 to obtain a 
stereoscopic image. The stereoscopic image output 
device 18 may be a video tape recorder, a laser disk 
player or a pair of TV cameras. The image processor 

35 15 displays the objective image for right eye and the 
objective image for left eye alternately on the liquid 
crystal display 10 on a time-division basis. 

A desirable time division rate is alternate display 
of 1 0 to 25 frames per second. If the time division rate 

40 is less than 1 0 frames per second, the image flickers 
and becomes inadequate for observation. If the time 
division rate is more than 25 frames per second, the 
liquid crystal display 10 may not respond to the 
speed, generating a so-called crosstalk of images in 

45 which the left (right) eye recognizes the image for 
right (left) eye. 

The LED 1 3 disposed at the right front side of the 
observers 16 and 17 illuminates the areas 20R and 
21 R which are the right half sides of the faces of the 

so observers 16 and 17, as shown in Fig. 4. The LED 1 3 
radiates infrared radiation having a wavelength of 
about 850 nm, as mentioned above. As shown in Fig. 
5, the black and white CCD camera 14 has, between 
the imaging device 32 and the imaging lens 30, the 

55 interference filter 31 which transmits light having a 
wavelength of 850 ± 20nm. In other words, when an 
image of the object 34 is to be formed on the imaging 
device 32, only the portion of the object 34 which has 
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been illuminated by the infrared radiation of 850 ± 
20nm reaches the imaging device 32. Accordingly, in 
the system shown in Fig. 3 which employs the camera 
having the structure shown in Fig. 5, the CCD camera 
14 produces only the images of the areas 20R and 
21 R on the observers' faces. Consequently, the im- 
age processor 15 produces the images of the right 
sides of the observers' faces. 

The image processor 15 performs negative-pos- 
itive reversal on the produced images of the right 
sides of the observers' faces. If the resolution of the 
CCD 32 of the camera 14 is, for example, 8 bits, the 
density of the image signal output from the CCD 32 
ranges from 0 to 255. Negative-positive reversal 
process conducted by the image processor 15 is to 
complement the density value with respect to the im- 
age signal sent from the camera 14. If the density val- 
ue is, for example, "30", the complement thereon is 
"225°. 

Fig. 6 illustrates the image of the brightly illumin- 
ated portion 20R of the observer's 16 face photo- 
graphed by the camera 14 (the image obtained direct- 
ly from the camera is called a direct image for conve- 
nience of the description). No image of the observer 
17 is drawn in Figs. 6 and 7 to simplify the illustration. 
In Fig. 6, a hatched portion represents a dark area 
(having a high density) where an illumination light of 
the light 13 does not reach. Fig. 7 indicates a nega- 
tive-positive reversed image obtained by negative- 
positive reversing the direct image. In Fig. 7, a hatch- 
ed portion 20R' represents a dark area (having a high 
density) obtained by reversing the bright area 20R. 

In Fig. 6, an area 40R is part of the bright area 
20R in the direct image. In Fig. 7, an area 40L is part 
of the bright area of the reversed image. As will be de- 
scribed later, the area 40R serves as a back light for 
the right eye of the observer 1 6, and the area 40L acts 
as a back light for the left eye of the observer 16. The 
image processor 1 5 displays the areas 40R and 40L 
on the CRT display 12 on a time-division basis. The 
spatial modulation device, which may be a liquid crys- 
tal display device or a film having light transmission 
characteristics, radiates no light by itself, and there- 
fore has a light source which illuminates the spatial 
modulation device from behind. In this specification, 
the light source which supplies light to the spatial 
modulation device from behind is called "a back light 
source". In this invention, the image displayed on the 
display device, such as a CRT, is used as the back 
light source. The displayed image is thus called "a 
back light source image". 

The image produced by the camera 14 is multi- 
valued. In this system, since the CRT 12 is utilized as 
the back light source, display of a binary back light 
source image on the CRT 12 is desired. Therefore, 
the image processor 15 compares each of the pixels 
of the back light image with a predetermined thresh- 
old, and assigns value "1" to the pixels having a den- 



sity higher than the threshold to make the corre- 
sponding phosphor on the CRT not give forth light and 
assigns value "0° to the pixels having a density lower 
than the threshold to make the corresponding phos- 

5 phor on the CRT give forth light 

The image processor 15 synchronizes display of 
the image for right eye and the image for left eye on 
the liquid crystal display 10 on a time-division basis 
with display of the areas 40R and 40Lon the CRT dis- 

10 play 12 on a time-division basis. This will be descri- 
bed in detail later. 

The observers who see the images which are be- 
ing displayed on the modulation device 10 may move 
in the vertical direction. They may stand up or sit 

15 down. Therefore, the image processor 1 5 is designed 
to move the back-lighting images displayed on the 
CRT 12 in the vertical direction in accordance with the 
movement of the observers. To achieve this, the im- 
ages of the observers' faces, serving as the back 

20 light sources, are inverted in the vertical direction. 
Figs. 8 and 9A respectively illustrate inverted images 
(turned up side down) of the images of the obser- 
vers' right faces shown in Figs. 6 and 7. That is, the 
bright area 40R shown in Fig. 8 is used as the back 

25 light source for the right eye of the observer 1 6, and 
the bright area 40L shown in Fig. 9A is used as the 
back light source for the left eye of the observer 16. 

Fig. 9B further explains why the inversion of the 
back-lighting images is necessary. If the observer 

30 sits down, the back-lighting image of the observer 
would go downward, which would result in that the im- 
age on the CRT 12 would not function as back- 
lighting image. In other words, when the observer sits 
down the back-lighting image should be moved up- 

35 wardly in the CRT display, while when he or she 
stands up the image should be moved downward. 
See Fig. 9B. The image processor 15 achieves the 
movement of the back lighting image by inverting im- 
age data in the vertical direction with respect to the 

40 display space of the CRT 1 2. The inversion in the vert- 
ical direction functions to move an image at a lower 
(or higher) position to a higher (or lower) position with- 
in the display area of the CRT 12. 

Inverting image data in the vertical direction may 

45 be performed simply by rotating to place the CRT dis- 
play 12 up side down. 

Figs. 10 and 11 illustrate the optical paths from 
the back light sources when the back light source 
areas are observed by the two observers on a time- 
so division basis. When the image for right eye is dis- 
played on the liquid crystal display 10 then, as shown 
in Fig. 10, the light from the back fight source area 
40R passes through the Fresnel lens 11 and reaches 
the right eye of the observer 16, while the light from 

55 the back light source area 41 R reaches the right eye 
of the observer 17 (located on the left side of the ob- 
server 1 6) through the Fresnel lens 11 . Assuming that 
a time when the image for right eye is offered to the 
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observers is t, when the image for left eye is dis- 
played on the liquid crystal display 10 at a time 
t' which is At later from time t, the light from the back 
light source area 40L illuminates the left eye of the ob- 
server 16 through the Fresnel lens 11, while the light 
from the back light source area 41 L irradiates the left 
eye of the observer 17 through the Fresnel lens 11, 
as shown in Fig. 11. 

When the negative-positive reversed image is 
used as the back light source, the bright area spreads 
over the area 40L, as shown in Fig. 9A. However, 
since the back light source does not act on the oppo- 
site eye at that time (because the dark area 20R' cor- 
responds to the right eye in the example shown in Fig. 
9A), crosstalk does not occur. 

The luminance and contrast of the black and 
white CRT 12, the stop of the CCD camera 14 and so 
on are adjusted so that the face area can be displayed 
white at high luminance. 

The operation of the Fresnel lens 11 will be de- 
scribed below. When the Fresnel lens 11, which en- 
ables the observers 16 and 17 to observe their im- 
ages displayed upside down on the black and white 
CRT 12 as virtual images, is provided at a position 
which allows the black and white CRT 12 to be pres- 
ent beyond the focal length of the Fresnel lens 11, it 
can allow only the areas on the black and white CRT 
1 2, corresponding to the right and left sides of the ob- 
servers' faces, to be independently and respectively 
observed by the observers with their right and left 
eyes in an enlarged fashion limited by the effective di- 
ameter of the Fresnel lens 11 to the observers' right 
and left eyes. Thus, when the images of the right 
sides of the observers 1 faces are displayed, the im- 
ages of the right face sides of the observers 16 and 
17 act as illumination having a magnitude corre- 
sponding to the effective diameter of the Fresnel lens 
11 and having selectivity to the right eye. At that time, 
since the portions of the CRT display 12 correspond- 
ing to the left sides of the observers' faces do not ra- 
diate, no light from the black and white CRT 1 2 enters 
the left eye. Similarly, when the negative- positive in- 
verted images of the right sides of the faces are dis- 
played, since the portion of the CRT 12 which does 
not radiate light when the images of the right sides of 
the faces are displayed radiates light, that portion 
acts as illumination having a magnitude correspond- 
ing to the effective diameter of the Fresnel lens 11 and 
having selectivity to the left eye. At that time, since 
the portion of the CRT display 1 2 corresponding to the 
right sides of the observers' faces does not radiate 
light, no light from the black and white CRT 12 enters 
the right eye. 

In the above-described operation of the system 
shown in Fig. 3, the objective image for right eye dis- 
played on the liquid crystal display 10 is illuminated 
from behind and is made observable only to the right 
eyes of the observers 16 and 17, while the objective 



image for left eye displayed on the liquid crystal dis- 
play 10 is illuminated from behind and is made ob- 
servable only to the left eyes of the observers 1 6 and 
17. Accordingly, the above-described operation en- 

5 ables the observers 1 6 and 1 7 to observe the pair of 
stereoscopic images, enabling them to have a stereo- 
scopic vision. Even if the observers 16 and 17 shift 
their positions, as long as the illumination conditions 
by the LED, shown in Fig. 2, are maintained, stereo- 

10 scopic vision is obtained. 

In the above-described embodiment, the trans- 
parent liquid crystal display is used as the spatial 
modulation device. However, any spatial modulation 
device having light transparent characteristics and 

15 capable of displaying stereoscopic images, for exam- 
ple, a film on which images are recorded, can be em- 
ployed. Further, the LED employed as the light can be 
replaced by any light as long as that light can radiate 
infrared radiation. For example, a halogen lamp with 

20 a wavelength filter mounted thereon to limit the radi- 
ation bandwidth may be used. 

A convex lens or a concave mirror may also be 
used in place of the Fresnel lens. 

The above description has focused on the case 

25 in which the imaging device takes a picture of the right 
sides of the observers' faces. However, the same ef- 
fect can be obtained even when the imaging device 
takes a picture of the left sides of the observers' fa- 
ces and other conditions are changed accordingly. 

30 

< Second Embodiment > 

Fig. 12 illustrates the structure of the stereoscop- 
ic image display apparatus according to the second 

35 embodiment of the present invention. Reference nu- 
merals 10a and 10b denote transparent liquid crystal 
displays serving as the spatial modulation devices. 
Reference numerals 11a and 11b denote Fresnel 
lenses which are respectively located at the rear 

40 sides of the spatial modulation devices 10a and 10b 
and which have a focal length of 150 mm. Reference 
numerals 12a and 12b denote black and white CRTs 
functioning as observer image display apparatuses 
having a radiation function. The black and white CRTs 

45 12a and 12b are located at positions separated from 
the tenses 11a and 11b by a distance of 160 mm on 
the sides of the lenses 11a and 11b which are oppo- 
site to those on which the spatial modulation devices 
1 0a and 10b are located, respectively. Reference nu- 

so meral 13 denotes an LED light having a wavelength 
of 850 nm and serving as an illumination device. Ref- 
erence numeral 14 denotes a black and white CCD 
camera serving as an imaging device. Reference nu- 
meral 18 denotes a half mirror for synthesizing the im- 

55 ages displayed on the spatial modulation devices 1 0a 
and 10b as a single image. Reference numerals 16 
and 1 7 denote observers who observe a stereoscopic 
image. Reference numeral 19 denotes a signal dis- 
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tributor. Reference numeral 60 denotes a negative- 
positive reversing circuit 

The above-described first embodiment is de- 
signed such that the objective image for right eye and 
the objective image for left eye are displayed on the 5 
single liquid crystal display serving as the spatial 
modulation device on a time-division basis and such 
that the back light source image for right eye and the 
back light source image for left eye are displayed on 
the CRT 12 on a time-division basis synchronously 10 
with the display of the objective images. Although 
time-division control is advantageous in terms of the 
cost, it makes the images flicker because of the 
switch over of the images. The second embodiment 
employs the pair of liquid crystal displays 10a and 10b 15 
and the pair of CRTs 12a and 12b in place of time- 
division control. 

The thus-arranged operation of the stereoscopic 
image display apparatus is basically the same as that 
of the first embodiment according to the present in- 20 
vention shown in Fig. 3. Identical reference numerals 
in Fig. 12 to those in Fig. 3 represent identical or sim- 
itar elements, description being omitted. The signal 
distributor 1 9 receives the video signals of the images 
of the right sides of the observers' 16 and 17 faces 25 
obtained by the camera 14, and distributes the re- 
ceived images to the black and white CRTs 12a and 
12b. The black and white CRT 12a displays the im- 
ages (of the right sides of the observers' faces) up- 
side down, and the black and white CRT 12b displays 30 
upside down mirror images of the images of the right 
sides of the observers faces which are obtained by 
the negative-positive reversing circuit 60. The reason 
why the images displayed on the CRT 12b are mirror 
images is that the images observed by the observers 35 
are those reflected by the half mirror 1 8. The objective 
image for left eye displayed on the liquid crystal dis- 
play 10b is also a mirror image. 

In the above-described operation of the display 
apparatus according to the present invention, the ob- aq 
jective image for right eye displayed on the liquid 
crystal display 10a shown in Fig. 12 is illuminated 
from behind and is made observable to the right eyes 
of the observers 16 and 17, and the objective image 
for left eye displayed on the liquid crystal display 10b 45 
is illuminated from behind and is made observable to 
the left eyes of the observers. The objective images 
for right and left eyes are combined by the half mirror 
18 so that they can be simultaneously observed by 
the observers. Thus, the observers 1 6 and 1 7 are ca- so 
pable of observing the pair of objective images at the 
same time three-dimension ally, and no flicker which 
would occur in the time-division display of the first 
embodiment does not occur. Further, even if the ob- 
servers 1 6 and 1 7 shift their positions, as long as the 55 
illumination conditions by the LED, shown in Fig. 2, 
are maintained, three-dimensional observation is 
possible. 



The above description has focused on the case 
in which the imaging device takes a picture of the right 
sides of the observers' faces. However, the same ef- 
fect can be obtained even when the imaging device 
takes a picture of the left sides of the observers' fa- 
ces and other conditions are changed accordingly. 

< Third Embodiment > 

Fig. 13 illustrates a third embodiment according 
to the present invention in which the stereoscopic im- 
age display apparatus is applied to an endoscope. 
Reference numerals 50a and 50b denote objective 
lenses used to photograph the object Reference nu- 
merals 51a and 51b denote lens mirrors for accom- 
modating optical systems for introducing the photo- 
graphed images. The lens mirrors 51a and 51b are 
provided such that they have an angle corresponding 
to the convergence angle of the observers' eyes. Ref- 
erence numerals 52a and 52b denote CCD cameras. 
Reference numeral 53 denotes a stereoscopic image 
display apparatus which has been described with ref- 
erence to Fig. 12 as the second embodiment accord- 
ing to the present invention. 

The operation of the thus-arranged endoscope 
apparatus will now be described. The two images of 
the object obtained through the objective lenses 50a 
and 50b are respectively formed on the CCD cameras 
52a and 52b as the image for right eye and the image 
for left eye by the lens barrels 51a and 51b provided 
such that they have a convergence angle to offer a 
stereoscopic vision. The two formed images are input 
to and displayed by the liquid crystal displays 1 0a and 
10b of the stereoscopic image display apparatus 53 
as a pair of stereoscopic images. Thus, the stereo- 
scopic image display apparatus enables a large num- 
ber of observers to stereoscopically observe the im- 
ages obtained by the stereoscopic endoscope due to 
the function thereof which has been described in the 
first embodiment. 

In the first to third embodiments, the monochro- 
matic light source and the monochromatic camera are 
employed to obtain images. However, a color light 
source and a color camera may also be employed. 

As will be described below, in the stereoscopic 
image display apparatus which employs a pair of ster- 
eoscopic images, no eye glasses having a dividing 
function is required, and a large number of observers 
can stereoscopically observe the image at the same 
time and under the same conditions even when they 
shift their positions. Further, since a negative-posi- 
tive reversed image is used, only a single imaging de- 
vice is required, making the present invention contri- 
bute to practical use and expansion of application of 
the stereoscopic image display apparatus. 

Further, the stereoscopic endoscope apparatus 
obtained by combining the present invention with an 
endoscope having a pair of imaging devices for ob- 
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taining the image of an object to be stereoscopically 
observed from two directions can contribute greatly 
to operations conducted under endoscopic observa- 
tion. 

Further, the display system according to the va- 
rious embodiments described above can give differ- 
ent images to the left and right eyes of observer for 
recognition. Therefore, the present invention may be 
applied to various displays such as eye sight meas- 
urement apparatus. 

The present invention is not limited to the above 
embodiments and various changes and modifica- 
tions can be made within the spirit and scope of the 
present invention. Therefore, to appraise the public of 
the scope of the present invention, the following 
claims are made. 



Claims 

1. An image display apparatus for allowing an ob- 
server to observe an image with his or her right 
eye and an image different from said image with 
his or her left eye, said apparatus comprising : 

a spatial modulation device (10) having 
light transmission characteristics; 

an imaging device (14) for obtaining an im- 
age of a surface of the observer; 

a display device (12) for displaying the im- 
age of the observer obtained by said imaging de- 
vice (14) to illuminate said spatial modulation de- 
vice (10) from behind; and 

an optical device (11) for giving directivity 
to a light from said display device (12), 

wherein said display device (12) displays 
the image of the surface of the observer obtained 
by said imaging device and an image obtained by 
negative-positive reversing said image of the 
surface of the observer as figures for illuminating 
said spatial modulation device (10). 

2. An image display apparatus according to claim 1 , 
wherein said display device (12) is placed outside 
of a focal length of said optical device (11). 

3. An image display apparatus according to claim 2, 
wherein said optical device (11) is placed be- 
tween said spatial modulation device (10) and 
said display device (12). 

4. An image display apparatus according to claim 1 , 
wherein said spatial modulation device (10) com- 
prises a liquid crystal display device. 

5. An image display apparatus according to claim 1 , 
wherein said spatial modulation device (10) com- 
prises a light transparent type film. 



6. An image display apparatus according to claim 1 , 
wherein said optical device (11) comprises a con- 
vex lens, a Fresnel lens or a concave mirror. 

5 7. An image display apparatus according to claim 1 , 
wherein said imaging device (14) images either a 
left half surface of a face of the observer ora right 
half surface thereof. 

10 8. An image display apparatus according to claim 1 , 
further comprising : an illumination (13) for illu- 
minating a surface of a right or left side of a phys- 
ical body of the observer. 

15 9. An image display apparatus according to claim 1 , 
further comprising : means (15) for obtaining the 
negative-positive reversed image by comple- 
menting the direct image of the physical surface 
of the observer obtained by said imaging device 

20 (14); and control means for displaying said direct 
image and said negative-positive reversed im- 
age on said display device (12) on a time-division 
basis. 

25 10. An image display apparatus according to claim 9, 
further comprising means (15) for turning said di- 
rect image and said negative-positive reversed 
image in up side down direction. 

30 11. An image display apparatus according to claim 8, 
wherein said illumination (13) radiates infrared 
radiation, and wherein said imaging device (14) 
can perform selective imaging on infrared wave- 
lengths of said illumination. 

35 

12. An image display apparatus according to claim 
1 1 , wherein said imaging device (14) has a wave- 
length filter (31) capable of selectively transmit- 
ting the infrared wavelengths. 

40 

13. An image display apparatus for allowing an ob- 
server to observe an image with his or her right 
eye and an image different from said image with 
his or her left eye, said apparatus comprising : 

45 a pair of spatial modulation devices (10a, 

10b) having light transmission characteristics; 

an imaging device (14) for obtaining an im- 
age of a surface of the observer; 

a pair of display devices (12a, 12b) for dis- 
50 playing the image of the observer obtained by 
said imaging device (14) to illuminate said pair of 
spatial modulation devices (10a, 10b) from be- 
hind, respectively; 

synthesizing means (18) for synthesizing 
55 images present on said pair of spatial modulation 

devices (10a, 10b) as a single image; and 

a pair of optical devices (11a, 11b) forgiv- 
ing directivity to back lights of said pair of display 
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devices (12a, 12b) so that said display devices 
can serve as back light illuminations of said spa- 
tial modulation devices (10a, 10b) for the right 
and left eyes, respectively, 

wherein said pair of display devices (12a, 
12b) display the image of the surface of the ob- 
server obtained by said imaging device (14) and 
an image obtained by negative-positive reversing 
said image of the surface as figures for illumin- 
ating said spatial modulation devices (10a, 10b). 

14. An image display apparatus according to claim 

13, wherein said pair of display devices (12a, 
12b) are placed outside of a focal length of said 
optical device (11a, 11b). 

15. An image display apparatus according to claim 

14, wherein said pair of optical devices (11a, 11b) 
are respectively placed between said pair of spa- 
tial modulation devices (10a, 10b) and said pair 
of display devices (12a, 12b). 

16. An image display apparatus according to claim 
13, wherein said pair of spatial modulation devic- 
es (10a, 10b) comprise liquid crystal display de- 
vices. 

17. An image display apparatus according to claim 
13, wherein said pair of spatial modulation devic- 
es (10a, 10b) comprise a pair of light transparent 
type films. 

18. An image display apparatus according to claim 
13, wherein each of said pair of spatial modula- 
tion devices (10a, 10b) inputs an image signal 
from an endoscope apparatus, said endoscope 
apparatus including a pair of lens barrels (51a, 
51 b) for sending an image of an object to be ster- 
eoscopically observed so as to enable imaging 
thereof from two directions, and a pair of imaging 
devices (52a, 52b) for converting the pair of im- 
ages of the object into electrical signals. 

19. An image display apparatus according to claim 
13, wherein said optical device (11a, 11b) com- 
prises a convex lens, a Fresnel lens or a concave 
mirror. 

20. An image display apparatus according to claim 
19, wherein said pair of optical devices (11 a, 11b) 
comprise Fresnel lenses each provided on a back 
surface of each of said pair of spatial modulation 
devices (10a, 10b). 

21. An image display apparatus according to claim 
13, further comprising : illumination (13) for illu- 
minating a surface of a right or left side of a phys- 
ical body of the observer. 



22. An image display apparatus according to claim 
13, further comprising : means (60) for obtaining 
a negative-positive reversed image by comple- 
menting a direct image of the physical surface of 
5 the observer obtained by said imaging device 

(14); and control means (19) for displaying said 
direct image and said negative-positive reversed 
image on said pair of display devices (12a, 12b). 

10 23. An image display apparatus according to claim 
22, further comprising means for turning said di- 
rect image and said negative-positive reversed 
image in up side down direction. 

15 24. An image display apparatus according to claim 
21, wherein said illumination (13) radiates in- 
frared radiation, and wherein said imaging device 
(14) can perform selective imaging on infrared 
wavelengths of said illumination. 

20 

25. An image display apparatus according to claim 
24, wherein said imaging device (14) has a wa- 
velength filter capable of selectively transmitting 
the infrared wavelengths of said imaging device. 

25 

26. An image display apparatus for allowing an ob- 
server to observe an image with his or her right 
eye and an image different from said image with 
his or her left eye, said apparatus comprising : 

30 an imaging device (14) for photographing 

a surface of the observer; 

a reversing a density of an image photo- 
graphed by said imaging device (14) to obtain a 
density reversed image; 

35 a display device (12) for displaying said 

photographed image and said density reversed 
image; 

a space modulation device (10) provided 
in front of said display device to selectively show 
40 either of said different images to a space located 
in front of said display device (12); and 

an optical device (11) for giving directivity 
to a light from said display device (12) so as to al- 
low said display device to serve as a back light il- 
45 lumination of said spatial modulation device (10) 
for right and left eyes. 



so 
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FIG. 8 



DIRECT IMAGE 
(TURNED UPSIDE DOWN) 



FIG. 9A 



NEGATIVE - POSITIVE 
REVERSED IMAGE 
(TURNED UPSIDE DOWN) 
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FIG. 10 

IMAGE FOR RIGHT EYE TO LCD 10 
( AT TIME t ) 
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FIG. 11 

IMAGE FOR LEFT EYE TO LCD 10 
( AT TIME t') 
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